Introduction
Most rubber components in the automotive industry are subjected to static and dynamic loading. Research on fatigue analysis and ways to enhance fatigue life is constantly done as it is directly related to the safety and reliability of a product. Fatigue life determination carried out experimentally has the best accuracy however these methods are not feasible when the components are constantly being renewed. In this study, experimental fatigue test and simulation via Abaqus were carried out to determine the fatigue life of the jounce bumper and pinpoint the failure location. Scanning electron microscopy (SEM) embedded with Energy Dispersive Spectroscopy (EDS) was used to determine the characteristic of crack propagation in the rubber jounce bumper. Results indicate crack propagation has a tendency to initiate and propagate from flaws that pre-exist in materials.
Background
Rubber components deteriorate much faster under fatigue loading compared to static loading. This is due to the fact that repetitive fatigue loading accumulates more damage and causes components to fail at a faster rate. This study was undertaken on a rubber jounce bumper which is a part of the McPherson strut assembly in chassis suspension system. It acts as a damper making the suspension progressive by allowing a smooth transition to full compression (Harza & Nallasamy, 2007) . Figure 1 shows a typical jounce bumper use in light vehicles. There are two approaches commonly used to predict the fatigue life of rubber, the crack nucleation approach and the crack growth approach. Crack nucleation approach defines the failure as the number of cycles needed to cause a noticeable crack of a new component. Crack growth approach monitors the growth of a pre-existing crack (Mars & Fatemi, 2002; Saintier et al., 2006) . Other than appearance of crack, load drop is used to acknowledge the existence of fatigue. Stiffness base approach is defined as the failure of a specimen at the point where the load drops at a significant amount usually 15 -20 %. Researchers including Harbour and Kim use the load drop method as a failure criterion to acknowledge fatigue failure (Kim et al., 2004; Kim & Jeong, 2005; Harbour et al., 2008) . Investigations on the cause of failure due to fatigue can be further explored using Scanning Electron Microscopy (SEM) embedded with Energy Dispersive X-ray Spectroscopy (EDS).
Previous researchers (Mathew & De, 1983; Kurian et al., 1989; Wang et al., 2002; Saintier et al., 2006) pointed out failures in components using SEM. Nucleation and growth of initial defects such as inclusions, microvoids, decohesions and cavitations are examples of fatigue damage found in fatigue rubber specimens (Wang et al., 2002) . Traces of inclusions can be detected using EDS. Inclusions are foreign material trapped inside components during formation. 
Objective of study
The objectives of this study are to determine the maximum load that the jounce bumper can withstand, fatigue life under displacement control and characterization of the jounce bumper before and after fatigue. By achieving the objectives, we can improve the quality and design of the jounce bumper hence prolonging its durability. The jounce bumpers used for this study are the product of a Malaysian car, the Proton Saga (P2-11A) which consists of Natural rubber (90%) and Butadiene rubber (10%). It has a hardness of 60 IRHD (International Rubber Hardness Degrees). A jig made out of mild steel is design to accommodate the loading condition by allowing the air to flow out while the jounce bumper is compressed. It also mimics the shock rod where it keeps the jounce bumper in line and prevents slips. The jig is shown in Figure 2 . 
Experiment
The monotonic compression test was conducted using the Instron 3382 Floor Model Universal Testing System as shown in Figure 3 . The test was done at a rate of 10mm/min to determine the maximum force of the jounce bumper and to obtain the Load versus Deflection response (L-D). For the fatigue compression test, twelve samples with different displacements were tested in an ambient temperature of 20 o C. The tests were carried out using the Instron 8871 table top model fatigue systems (Figure 4 ) with a sine waveform at frequency of 2 Hz at a load ratio of 0. The jounce bumpers were cycled for 30 rounds to eliminate the Mullins effect before the number of cycles to failure is taken into consideration. Mullins Effects can be described as an initial softening that occurs at the start of the fatigue test (Diani et al., 2009 ). The determination of fatigue failure is based on the 15 % load drop. For the SEM and EDS testing, the samples were cut from the failure surface (after fatigue) and also a controlled surface (before fatigue) and placed onto specimen stub with carbon double-sided tape. Then the specimens were coated by evaporative coating with ultra-thin layers of Platinum under high vacuum. This process creates a conducting layer that permits SEM examination to take place. The JEOL FE-SEM JSM-6701F as shown in Figure 5 , was operated at 20 kV with 15 mm working distance. For elemental analysis, Energy dispersive x-ray (EDS) was used.
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Results and discussion
A load versus deflection curve was plotted from the compression test and shown in Figure  6 . The test recorded a maximum force of 7 KN at 60 mm deflection. This shows that the jounce bumper is able to withstand a maximum load of 7 KN. Even though the jounce bumper is capable of handling high loads, it's unlikely for it to experience such loads in normal driving conditions. The optimum load experience by the jounce bumper is in the range of 0.5 -2 KN (Harza & Nallasamy, 2007) as highlighted in Figure 6 . Figure 7 shows the strain versus fatigue life curve. The fatigue curve can be categorized into three zones. Zone one has the highest strain range between 0.88 -1.14 mm/mm. Strains in this zone should be avoided at all cost as it yields very low fatigue life. Jounce bumper undergoing strains in zone two (0.53 -0.79 mm/mm) will have a much longer fatigue life. However a regular replacement is necessary since it would not last for more than a 100000 cycles. Zone three is the safest zone with strains below 0.43 mm/mm. Strain values in this zone have fatigue life ranging from 675000 cycles and goes above 1.5 million cycles. Tests conducted on strains above 0.8 reveals significant fracture in the jounce bumper. The cracks originate from the lower part of the jounce bumper as highlighted in Figure 8 . To pin point the exact location of the crack initiation, simulation was done using Abaqus. Reverse engineering method was used to obtain the jounce bumper's dimensions. The process involves the use of Coordinate Measuring Machine (CMM) and a 3D Scanner. The Neo-Hookean hyperelasticity model was chosen as the constitutive model for this analysis and constant was based on the experiment. Figure 9 shows the results of the simulation. Figure 10 a) and b) indicates the presence of decohesion in the virgin specimen. Crack tends to initiate from pre-existing flaws. In this case inclusions in the material, causes decohesion (Saintier et al., 2006; Oshima et al., 2007) . Decohesion causes crack to propagate much faster and speeds up the crack growth under fatigue loading. Decohesion is predominant in SiO 2 and CaCo 3 based materials. Since the rubber jounce bumper is made out of 39.8 % CaCo 3 and there were traces of aluminium found in the EDS analysis, it explains the formation of decohesions which results poor build in quality of the jounce bumper. Figure 10 c) and d) indicates that the fatigue failure occurred at high strains. This is due to the fact that major cracks throughout and area restrains the formation of microvoids and microcracks in that same area (Wang et al., 2002) . 
Conclusion
The fatigue characterization of the automotive jounce bumper was successfully determined. The compression test reveals that the jounce bumper is able to withstand a maximum force of 7 KN. From the fatigue test conducted, we were able to characterize the jounce bumper depending on the strain acted upon it. Three zones were established to separate the safe zone from the potential danger zone. FEA simulation using Abaqus successfully predicted the point of failure which matches the experimental results. Pre-existing flaws accelerates the initiation of cracks under fatigue loading. The SEM result proves that the virgin jounce bumper have decohesions. Type of material used to fabricate rubber components as well as the process of producing the component plays an important role in determining the quality of a product. In this case, the use of CaCo 3 and the mysterious existence of Aluminium compound reflect the poor quality of the rubber jounce bumper.
